Summary
: acid mucopolysaccharide, and nothing else except such a kind of mucous glands was found.
The reactions
to the adove-mentioned mucosubstances in the serous cells are limited to the granules. It is presumed therefore that quantity of the same substance, especially the strong acid mucopolysaccharide in the mucous cells, is small. 8. Since the so-called serous cells contain three kinds of mucopolysaccharides, they should be termed seromucous cells.
9. von Ebner's glands also cotain three kinds of mucopolysaccharides. They are thus seromucous glands, but strongly surpass the common seromucous glands in the quantity of the same mucosubstances.
10. The mucous components in the minor salivary glands of the Japanese macaque predominantly surpass the serous ones in quantity.
Histochemical investigations of the carbohydrate in the major salivary glands of man and some kinds of mammals have been made by various workers , but corresponding studies on the minor salivary glands are few. The authors therefore undertook a study of the carbohydrate in the same glands of the Japanese 485 macaque.
Materials and Methods
The materials used were 3 adult Japanese macaques. The animals were killed by a rapid intravenous in jection of Nembutal. The tissues for study were taken in as fresh a statd as possible, and were fixed in buffered formalin.
The parts involved were as follows : G11. labiales, G11. buccales, GL retromoralis, Gl. sublingualis minoris, Gil. palatinae, glands of von Ebner, mixed and mucous glands neighboring the glands of von Ebner and glands of the root of the tongue. Japanese macaque has no Gil. linguales anteriores. It should also be noted that the Gl. sublingualis minoris consists of many minor glands which have their own excretory ducts and are scattered dorsally on the Gl. sublingualis.
The Gl. retromolaris is located in the Trigonum retromolare, and it also consists of many minor glands each with its own excretory duct.
All tissues were embedded in paraffin and cut into sections of about 6 Ate in thickness.
The methods used are indicated in Tables 1 and 2 11-12).
Glycogen
All the mucous cells and granules in the serous cells of some kinds of glands , react stronlgy to PAS stain, the PASdimedone method and saliva test for glycogen. The same applies to the protoplasm in the serous cells of the Ebner's glands, that of the same kind of cells in the mixed glands neighboring the abovementioned glands, and the granules in the serous cells of the minor sublingual gland (Table 3 , Figs. 1-6 ).
Neutral mucopolysaccharide
The acetylation-saponification-PAS reaction and metachromasia with the sulfation-Toluidine blue method are distinctly seen in the mucous cells of all minor salivary glands. In the case of the ordinary serous cells, only the granules react, while the protoplasm of the acinus cells in the Ebner's glands react in the same manner as above (Table 3 ).
Weak acid mucopolysaccharide
The granules in the serous cells and the whole contents of the mucous cells produce strong metachromasia with Neutral red. The mucous cells in the mixed glands neighboring the Ebner's glands (A) and the glands of the root of the tongue are a little weaker in reaction.
Dark to light color variations to the metachromasia are observable in the mucous glands neighboring (A) glands. The (A) glands show weak metachromasia with Neutral red to some degree, while the serous cells in the mixed glands neighboring (A) glands are not stained by the same method (Table 3 , Figs. 8-10 ). All the mucous cells, the serous cells in the Ebner's glands and only the granules in the serous cells are stained to a dark color with pH 2.5 Alcian blue (Table 3 ).
Strong acid mucopolysaccharide
Sugiyama's neutral red methoe") produces a dark red color in the-mucous cells and only the granules in the serous cells. On the other hand, the serous cells in the Ebner's glands, the mixed glands neighboring the Ebner's glands and those cells in the mucous glands of tyye I neighboring the Ebner's glands are not stained red (Table 3) .
The mucous cells and granules in the serous cells are stained dark blue wth Alcian blue (pH 1.0 and 0.5) stain, but the serous cells in the Ebner's glands, the mucous and serous cells in the mixed glands neighboring the Ebner's glands are stained to a light color, (Figs. 11-16 ). However, ',many unstained cells are observed in the above-mentioned glands.
The mucous cells in the mucous glands of type I are unstainable even with Alcian blue of pH 1.0 (Table 3 (1978) , and a similar study on man by Ogiwara") (1978) .
All of the above-mentioned studies, except for those of Mineda"), Tachi")") and Oikawa et al."), were limited investigations on the lingual glands. In particular, the present authors were unable to find a histochemical study on the carbohydrate in the minor salivary glands other then the lingual glands. The present study aims to fill this gap in the literature.
II. Suggestion for the composition of the
Gl. retromolaris and Gl sublingualis minoris Mineda") donsidered that the Gl. retromolaris was a single gland. The Gl. sublingualis minoris was also regarded as a single one by Oikawa et al.") and the Jap. Ass. Vet. Anat.') These glands however, reveal a congregated compos ition of small independent glands having their own excretory ducts. Those small glands lying in the said places shoud therefore be separately named G11. retromolares and G11. sublinguales minores. The authors intend to prepare a separate detailed paper on this problem.
III. Lingual glands
Onouchi et al.") investigated the treeshrew tongue and found mixed glands (A) in the middle part of the body on the ventral side of the tongue, and their excretory ducts opening on the ventral mucous membrane.
Ebner's glands (B), mucous glands (C) neighboring (B) and the glands of the root of the tongue (D) were found, but there were no G11. linguales anteriores (E). Saito") and Namiki") found uncommon mixed glands behind the G11. linguales anteriores in man and named them the G11. linguales anteriores accessoriae (F). The (A) glands in the tree-shrew resemble the (F) glands in man as regards their location.
The Japanese macaque has neither (F) glands nor (E) glands. The rabbit has no (E) glands.7) Many Ebner's glands and mucous glands (G ; Fig. 7 ) occur around the circumvallate papillae in the Japanese macaque. The (G) glands generally are located under the (B) glands, and some are found between the (B) glands.
Those lying in the caudal part where there is no group of (B) glands are located under the aponeurosis.
The (B) glands lie between the lingual muscles and do not penetrate the aponeurosis.
The (G) glands consist Histochemistry of the Minor Salivary Glands 489 of two types : these are, however, distinguishable only from their character with Alcian blue stain. That is, one of them is unstainable with ph 1.0 Alcian blue (type I), while the other is stained to a dark color even with the same staining solution of pH 0.5 (type II). The mucous glancs in man described by Saito 23) were located in the same place as the (G) glands, but he did not mention the kind of mucous glands in his report.
Numerous glands of the root of the tongue are found in the radix of the tongue, but they are composed of ony one kind (type II) of mucous glands. Onouchi et al.") stated that they found a small number of glands (H), the same kind of Ebner;s glands, among the glands of the root of the tongue of the tree-shrew. However, the present authors were unable to find such a kind of glands in the Japanese macaque. Glands which were identical with the (B) glands among the (D) glands have been described in man")' 23) and the rabbit.7) Few mixed glans, whose mucous cells surpass the serous cells in number, were found beneath the (B) glands. On ouchi et al.") also found the same glands among the (B) glands in the tree-shrew.
IV. Carbohydrate in the minor salivary glands 1. Glycogen After dimedonetr eatment, a PAS positive substance generally indicates glycogen, weile PAS negative ones mean other polysaccharides.
2)
The granules in the serous cells of the minor sublingual glands, the substance in the same cells in the Ebner's glands and in the mixed glands neighboring the Ebner's glands, belong to the category defined by Bulmer. Except for the above-mentioned cells and granules, the other kinds of cells and granules in this study were PAS positive after dimedone treatment, but such a substance did not disappear by the saliva test for glycogen (Table 3 ). The investigators in Imai's laboratory4), 6), 9), 13), 14), 19), 20), 21), 28), 29), 31), 32)33)37) met with this contradiction in their work on the major and minor salivary glands of man and several kinds of adult mammals, and they took the data based on the saliva test for glycogen.
According to thIs opinion, the glandular cells of the minor salivary glands of the Japanese macaque have no glycogen.
Tsuzuki and Ogiwara failed to obtain a distinct demonstration on glycogen in the lingual glands of the rabbit")and man").
The above-mentioned investigators in Imai's laboratory did not prove glycogen in the major and minor salivary glands (lingual glands of the tree-shrew20), Ebner's glands"), zygomatic and molar glands32)3) and minor sublingual gland of the rabbit19)), Takeishi") observed glycosen in the serous cells of the major salivary glands of the human fetus.
Oikawa et al.18) also demonstrated glycogen in the acinus and duct cells of the submandibular gland of the rabbit fetus.
The glycogen in the fetus disappears with the developmental progress of the cells. Imai et al. 6 ) proved the same substance in the intercalated. and striated duct cells of the major salivary glands in some kinds of adult mammals.
2. Neutral mucopolysaccharide The granules in the serous cells and the whole contents of the mucous cells of the minor salivary glands reacted strongly by the acetylation-saponification-PAS method (A) and the sulfation-TB (pH 2.5) method (B). The contents and granules in the glandular cells of al@ Ebner's glands and the serous cells in the mixed glands neighboring the Ebner's glands reacted by the (A) method, while these granules were negative to the (B) method (Table 3) .
Based on the abave data, the authors presume a fair content of neutral muco-polysaccharide in the mucous cells in all the minor salivary glands and a small quantity in the serous cells of the same glands except the Ebner's glands of the Japanese macaque. In other words, the glandular cells in the Ebner's glands are histochemically different from other serous cells. A weak reaction to neutral mucopolysaccharide in the Ebner's glands of the tree-shrew"), dog and rabbit3" and serous cells in the zygomatic and molar glands of the cat". 33), and a strong reaction to the same substance in the mucous cells of the above glands of the cat"' 33), serous and mucous cells in the minor sublingual glands of the rabbit"), have been observed. Tsuzuki and Ogiwara observed the existence of neutral mucopolysaccharide in the serous glands of the tongue of the rabbit") and man.'" It seems that their serous glands meant the Ebner's glands. Leppiu) also found the same substance in the serous and mucous cells in the human submandibular gland.
Takeidhi") observed neutral mucopolysaccharide in the serous cells of the three major salivary glands and mucous cells in the sublingual gland (no data on the submandibular gland) of thh human fetus. Oikawa et al.'" also demonstrated the same substance in the acinus cells of the submandibular gland of the rabbit fetus.
The same substance was confirmed in the serous and mucous cells of the major salivary glands in adult man as well as some kinds of mammals& 5' 9' 13' However, the same metachromasia is weak in color in the Ebner's glands, the glands of the root of the tongue, the mucous glands and the mucous cells in the mixed glands (A) neighboring the Ebner's glands. Moreover, the metachromasia in the serous cells in the (A) glands was negative (Table 3) .
Based on the above data, the glandular cells in the minor salivary glands of the Japanese macaque are considered to contain more or less weak acid mucopolysaccharide, and the mucous cells surpass the serous cells in quantity of the same substance.
The above situation also applies to the mucous and serous cells in the zygomatic and molar glands of the cats") and the minor sublingual glands of the rabbit.") The Ebner's glands of the Japanese macaque clearly show the existence of weak acid muccopolysaccharide, show the existence of weak acid mucopolysaccharide, while the histochemical reactions to the same substance in these glands in the tree-shrew,") dog and rabbit') are weak. Tsuzuki") reported a weak acid mucopolysaccharide in the mucous glands of the rabbit tongue, but he could not observe clear reactions to the same substance in the serous glands. Ogiwara") reached the same conclusion as Tsuzuki in his study on the human lingual glands.
Investigations on the weak acid mucopolysaccharide in the major salivaty glands4, 5, 9, 13, 14, 21, 28, 29, 31) have yielded the same results as those in the minor salivary glands of the Japanese macaque.
Leppi10, 11) demonstrated the same substance in the submandibular glands of the squirrel monkey, Bengal monkey and man, and the human lingual gland. Munger"' also observed such a substance in the mucous acinus of the human submandibular gland. Takeishi34) found the same substance in the serous and mucous cells in the major salivary glands of the human fetus. The same mucosubstance was also noted in the acinus cells in the submandibular gland of the rabbit fetus.'" 4. Strong acid mucoplysaccharide Based on the data for the strong acid mucopolysaccharide in the minor salivary glands of the Japanese macaque (Table  3) , the mucous cells except for type I contain a large quantity of strong acid mucopolysaccharide and the serous cells contain a small quantity.
In fact, the whole contents of the mucous cells react to such a substance, whereas the reactions in the serous cells are limited to a few granules.
There are mixed mucous glands with two different kinds of components in the neighborhood of the Ebner's glands. We classify them into type I anp type II for the sake of convenience.
Type II contains weak and strong acid mucopolysaccharide, while type I has only weak mucopolysaccharide (Table 3) . Type II surpasses type I in number.
We cannot distinctly identify and assess type I by the PAS reaction, acetylation-saponification-PAS, sulfation-TB (pH 2.5), and Alcian blue pH 2.5. It is also unstainable with Neutral red. Apart from type I, we annot find such a kind of mucous gland in the minor salivary glands of the Japanese macaque.
The Ebner's glands are unstainable with Neutral red, and some acini in the same glands are negative to Alcian blue pH 1.0-0.5. The others are stained fairly well, and we cannot distinguish a difference between the extent of stain with Alcian blue of pH 1.0 and pH 0.5 (Table 3) . Based on these data, the authors presume the existence of strong acid mucopolysaccharide in the Ebner's glands of the Japanese macaque. Onouchi et al.20) denied the existence of the same substance in the Ebner,s glands of the treeshrew.
However, Yamada") demonstrated weak reactions to the abovementioned substance in the same glands of the dog and rabbit, and he was confident of the existence of the same mucosubstance.
Tsuzuki") and Ogiwara") failed to confirm such a substance in the serous cells of the rabbit and human lingual glands, but observed acid mucopolysaccharide containing hyaluronic acid.
The existence of the above-mentioned substance in the mucous and serous cells of the mixed glands neighboring the Ebner's glands of the Japanese macaque may be very limited, if at all.
Strong acid mucopolysaccharide has been demonstrated in the serous (not Ebner's gland) and mucous cells in the tree-shrew tongue,") the same kinds of cells in the zygomatic and molar glands of the cat"' ") and the minor sublingual gland of the rabbit").
The mucous cells surpass the serous cells in quantity of the same substance.
The parotid glands of the Japanese macaque"), man"), dog'3 "), cat"), treeshrew"
and pig" contain strong acid mucopolysaccharide in small quantities, but the same glands of the rabbit"' "), horse" and cow") do not contain the same substance.
The serous and mucous cells in the submandibular and sublingual glands of the Japanese macaque"), man"), cat"), tree-shrew", pig" and cow") revealed the above substance in small quantities, and the mucous cells surpass the serous cells in quantity of the same substance.
The serous cells in the submandibular gland of the dog") contain a very small quantity of strong acid mucopolysaccharide but do not show the same substance in the serous cells of the sublingual glands. The mucous cells in the submandibular and sublingual glands of the same animal contain moderate quantities of the same substance.
The submandibular gland of the rabbit is composed of one kind of glandular cells, and these cells contain the above substance in small quantities"' "). All acini react strongly to PAS.
x 40. PAS.
x 40. H-E stain.
x 40. Weak metachromasia is recognizable. Sugiyama's neutral red method.
x 120. 
